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Abstract 

Research on bivalve diseases has been mostly focused on pathogen morphology and 
ultrastructure, effect of external factors on pathogens or infectivity, and on the development of 
immune and molecular diagnostic techniques. Recently, specific PCRs have been set up for the 
most important bivalve pathogens being more sensitive than traditional techniques such as 
histology. Although in the last years an increased effort has been done on bivalve pathology 
studies, a series of subjects remain to be tackled such as the validation of new diagnostic methods, 
the pathogenicity of the newly identified organisms, the real mortality data on bivalve culture, 
disease resistance selection programmes or the effect of pathogens on bivalves immune system. 
Trans-national research actions involving multidisciplinary research groups will facilitate to answer 
many questions still not solved in bivalve pathology. 


Aquaculture production has reached high 
figures (48.413.635 tons) and 23,27 % 
(11.267.203 tons) of this production belongs 
to bivalve culture. Considering the European 
aquaculture production, bivalve molluscs 
constitutes 35,7% (745.433 tons). In terms of 
economical importance, EU aquaculture 
production represents a total of 4.428.167 
thousand of USD (FAO, 2001) from which only 
17,7% corresponds to bivalves (FAO, 2001). 

As in other animal production activities, 
diseases are one of the critical bottle necks 
causing important and recurrent losses. In 
some cases, the presence of infectious 
pathogens has caused the complete 
destruction of bivalve culture as it happened 
to the flat oyster ( Ostrea edulis). 

Bivalve diseases have traditionally been 
studied using histological techniques, which 


have proved to be very useful to detect 
pathogens, mainly protozoan parasites, 
associated to mortalities or quality losses of 
cultured stocks but also to determine the 
lesions and the interaction of the pathogens 
with the host immune defence mechanisms. 
Histology has been used to conduct 
epidemiological surveys and also to describe 
several pathogens associated to mortalities 
or diseases. At the beginning of bivalve 
pathology an axiom "First found - First blamed" 
was commonly used. This was sometimes 
misleading and, in this way, the copepod 
Mytilicola intestinalis was blamed for important 
mussel mortalities in the The Netherlands in 
the 1950s (Korringa, 1951). 

Several major breakthroughs should be 
pointed out in the development of these 
studies. In the 80's, immunological techniques 
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and reagents brought us the possibilities of 
introducing monoclonal antibodies, and 
assays such as ELISA or IFA to detect for 
example protozoan parasites such as MSX or 
Bonamia ostreae. In the 90's molecular 
biology techniques started to be applied to 
bivalve diseases. Sensitive techniques (in situ 
hybridization, polymerase chain reaction, 
sequencing mainly of the 18s ribosomal RNA 
and ITS) were used for the diagnosis of the 
main diseases of bivalves and to establish the 
taxonomical classification of some of their 
aetiological agents. 

Today, there are two notifiable bivalve 
diseases in the European Union: Marteilia 
refringens and Bonamia ostreae, both flat 
oyster (Ostrea edulis) protozoan pathogens. 
However, more pathogens are included in the 
list of notifiable diseases for the OIE: Bonamia, 
MSX, Marteilia, Mikrocytos, SSO and 
Perkinsus. All of them have been associated 
to heavy mortalities. 

Important monitoring efforts have been 
conducted in European countries to control 
Marteilia and Bonamia. Taking into account 
that, in the EU, flat oyster production, 
compared to other bivalve species (mussels, 
clams, Japanese oyster), is nearly residual, 
the collective European effort is striking. 

In the last years, although several pathogens 
have been described without knowing their 
real impact on shellfish culture, research on 
the main bivalve pathogens has been focused 
on morphological descriptions and 
ultrastructural studies (prevalence, new hosts, 
pathogenesis) or effect of external factors on 
pathogens or infectivity. Moreover, important 
efforts have also been done on the 


development of molecular biology based 
techniques for diagnosis. Specific PCRs have 
been reported by different research groups for 
the diagnosis of Bonamia ostreae (Cochennec 
et al., 2000; Carnegie et al., 2000) and, as 
expected, all of them agreed that these 
techniques are more sensitive than histology. 
However, the techniques have not yet been 
accepted by the international regulatory 
bodies (EU and OIE). Molecular techniques 
are now available for the detection of other 
mollusc pathogens such as other Bonamia 
species (Hine et al., 2001), Marteilia (Le Roux, 
et al., 1999, Kleeman & Adlard, 2000, 
Kleeman et al., 2002), Perkinsus (Marsh et 
al., 1995; Robledo et al., 1998, 2000), 
haplosporidians (Stokes & Burreson, 1995; 
Stokes et al. 1995), etc. 

Concerning Marteilia, important efforts have 
been done developing immunological and 
molecular tools to diagnose the parasite, 
typing of Marteilia from mussels and oysters 
in Europe and also applying new methods to 
study the Marteilia life cycle. 

However, at this moment several questions 
are still pending: Are there two species of 
Marteilia in Europe, one parasitizing mussels 
and the other parasitizing oysters? Should 
Marteilia from mussels be considered as a 
notifiable disease? Which is the intermediate 
host? 

No reliable features at the ultrastructura level 
are able to separate Marteilia maurini 
(originally described in mussels) and M. 
refringens (originally described in flat oysters) 
(Longshaw et al., 2001). The sequence of the 
small subunit of the ribosomal RNA (18S) is 
also identical in all the studied Marteilia 
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isolates (Berthe et al, 2000). However, the 
internal transcribed spacer of the ribosome 
gene cluster (ITS-1), which evolves faster than 
SSU rRNA, revealed a possible 
polymorphism. This fact was easily 
determined by analysis by RFLP (restriction 
fragment length polymorphism) of an ITS 
fragment, and two different profiles were 
detected: "O" type which correspond to M. 
refringens found in flat oyster and a "M" type 
corresponding to M. maurini present in mussel 
(Fe Roux et al., 2001). 

Eater studies carried out in Spain (Novoa et 
al, 2004) showed that although there were 
two different evolutionary lineages that 
corresponded more or less strictly with the "M" 
and "O" types, it was evident from the 
estimated phylogeny that some "O" types have 
switched to "M" type, and vice versa. 
Moreover, "O" types were found in mussels 
and "M" types were found in oysters, which 
suggest that there has been several cross¬ 
species transmission of Marteilia between 
mussels and oysters. 

Molecular techniques have also pointed out 
more questions. For example, the detection 
in Europe of "exotic" pathogens such as 
Haplosporidium nelsoni (MSX) or some 
Perkinsus species traditionally not present in 
European countries. H. nelsoni has been 
detected, although with very low prevalence, 
in the last years in Crasostrea gigas cultured 
in Europe, (Renault et al., 2000) and 
Perkinsus olseni (parasite of abalone in 
Australia) has been determined by sequence 
comparisons to be the same as P. atlanticus 
detected in several clam species in Europe. 


Research has also been carried out in the last 
years concerning susceptibility/resistence of 
shellfish species to pathogens and also to 
study the life cycle of some pathogens. For 
example, Crassostrea gigas, Mytilus edulis, 
M. edulis, Ruditapes decussatus, R. 
philippinarum were not found to be able to act 
as vectors or intermediate hosts for Bonamia 
ostreae. The copepod Paracartia granii could 
act as intermediate host in the life cycle of 
Marteilia refringens (Audemard et al., 2002) 
and more efforts should be done on the study 
of these aspects. 

It is important also to mention the research 
conducted on selection programmes for 
oysters resistant to Bonamia (Launey et al, 
2001 ). 

Some points to be considered 

Although critical advances have been reported 
in the last years on bivalve pathology, 
increased efforts should be done on several 
aspects: 

- New diagnostic methods: Should new 
diagnostic molecular techniques be 
incorporated in the monitoring of shellfish 
pathogens? Traditional techniques such as 
histology are static and time consuming, but 
it gives a wide vision, it is possible to detect 
some interactions with the hosts and it is also 
possible to find new pathogens. Molecular 
techniques are fast, specific and sensitive, but 
a validation is needed in order to evaluate false 
positives and negatives and to correlate the 
results with accepted traditional techniques. 

- Pathogenicity of identified organisms: Many 
times it is very difficult to confirm the 
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implication of a certain detected pathogen with 
a disease or a reported mortality. Many 
protozoan parasites cannot be experimentally 
transmitted due to their complex life cycles. 
But, at least in cultivable organisms such as 
bacteria, "easy pathogens", easy to detect and 
easy to grow, their pathogenicity should be 
tested. They constitute interesting models to 
detect genes involved in resistance and 
immune responses. 

- The fact that bivalve pathologists have 
concentrated their efforts on protozoan 
pathogens makes one wonder whether we 
overlook other pathogens such as viruses, 
difficult to detect mainly because bivalve cell 
lines are lacking and transmission electron 
microscopy is expensive and time consuming. 
Why are there so few viral pathogens 
described in the field of bivalve pathology? 

- Mortality: Do we know real data on bivalve 
mortality in the natural/exploited/cultured beds 
or rafts? What is an abnormal mortality? This 
is an urgent matter. In our opinion this cannot 
be universally defined for all bivalve species, 
culture protocols and hatcheries. The 
differences between abnormal and 
unexplained mortality should be determined. 
An expert agreement on how to determine this 
for the different species and culture types is 
urgently needed. 

- Effect of pathogens on bivalves' immune 
system: How do bivalves fight against 
diseases? In recent years, with the exception 
of Perkinsus, few studies have been 
performed on the interaction of bivalve 
pathogens with their hosts' immune system. 
Other factors can influence the bivalve 
immune responses: environmental factors 


(stress, fluctuations in salinity, temperature, 
food availability), pollution, genetic factors, etc. 
But also it is true that some pathogens, without 
causing heavy mortalities can modulate 
bivalve immune response rendering them 
more susceptible to other secondary 
pathogens. 

Some innovative ongoing research 

Several antimicrobial peptides have been 
described in bivalves on the basis of their 
biochemical structure and biological activity. 
In Mytilus edulis and M. galloprovincialis 
antimicrobial peptides purified from serum and 
acid extracts from hemocyte organelles were 
identified (Charlet et al., 1996; Mitta et al., 
1999, 2000a, Yang et al., 2000). Some of them 
were isolated and sequenced and also DNA 
probes identified gene expression in the 
hemocytes (Mitta et al., 2000 a, b, c). 
Extracted, synthetic or recombinant peptides 
could be prepared for use in the prevention 
and treatment of microbial infections since 
they present large spectrum of toxicity against 
Gram-negative and Gram-positive bacteria, 
fungus and protozoa. 

Techniques such as mRNA, differential display 
(mRNA-DD) or Suppression Subtractive 
Hybridisation (SSH) libraries will allow us to 
identify genes involved on bivalve immune 
responses. This could help us to discover 
"interesting genes" induced by infection which 
could be related with resistance or used as 
"molecular markers of interest" to select 
strains for aquaculture. Several projects are 
being developed in Europe studying different 
models with different pathogens and bivalve 
species. 
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In both cases (antimicrobial peptides and 
newly discovered genes involved in defence 
against infections) some questions can be 
formulated: Could they be used as quantitative 
criteria in selection programmes? Which is 
their role in defence against infections? Could 
bivalves be used as production systems of 
"interesting molecules"? 

A future exciting research is in front of us. Now, 
more than ever, the need to develop 
multidisciplinary trans-national research, 
involving as many research groups working 
on shellfish pathology as possible, is more 
than evident. 
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